Background: Unruptured paraclinoid aneurysms have a high incidence of aneurysm recanalization (AR) after endovascular treatment. We aimed to identify the incidence and predictors of AR in these lesions. Methods: We retrospectively analyzed consecutive patients with unruptured paraclinoid aneurysms who underwent endovascular treatment between January 2013 and December 2014. Patients with fusiform aneurysms, dissection aneurysms, traumatic aneurysms, or without digital subtraction angiography (DSA) at follow-up, were excluded. AR was defined as any aneurysm remnant that had increased in size or contrast filling that was observed via DSA at the follow-up. Univariate and multivariate logistic regression analyses were performed to assess the predictors of AR. Results: We included 145 patients with 150 unruptured paraclinoid aneurysms in the analysis. The incidence of AR was 8.7% (95% confidence interval (CI): 4.7-13.3%) at a mean follow-up of 7.4 months. In the univariate analysis, AR was associated with aneurysm size (odd ratio (OR): 6.098; 95% CI: 1.870-19.886; p ¼ 0.003), location (OR: 3.88; 95% CI: 1.196-12.583; p ¼ 0.024), inflow angle (OR: 6.852; 95% CI: 1.463-32.087; p ¼ 0.015), and Raymond scale (OR: 12.473; 95% CI: 2.7496-56.59; p < 0.001). In the adjusted multivariate analysis, AR was independently predicted by Raymond scale (OR: 9.136; 95% CI: 1.683-49.587; p ¼ 0.001) and inflow angle (OR: 16.159; 95% CI: 3.211-81.308; p ¼ 0.01). Conclusions: Unruptured paraclinoid aneurysms had a high incidence of AR after endovascular treatment. An inflow angle of !90 degrees and incomplete occlusion were significant predictors of AR.
Introduction
Paraclinoid aneurysms are defined as intracranial aneurysms that arise from a segment of the internal carotid artery between the roof of the cavernous sinus and the origin of the posterior communicating artery. 1, 2 Unruptured paraclinoid aneurysms are increasingly common in clinical practice, because of the frequent use of computerized tomography angiography (CTA) and magnetic resonance angiography (MRA). 3, 4 The main treatments for unruptured paraclinoid aneurysms are surgical clipping, endovascular treatment, and conservative management. [5] [6] [7] [8] [9] [10] [11] [12] [13] Given the proximity to the skull base, it remains challenging to perform surgical clipping of unruptured paraclinoid aneurysms. 8, 14 Since the publication of the International Subarachnoid Aneurysm Trial results, 15, 16 the use of endovascular treatment for unruptured paraclinoid aneurysms has increased substantially, because of its low morbidity and mortality rates. 9, 17, 18 However, one issue that is encountered after endovascular treatment is aneurysm recanalization (AR). 9, 17, 19, 20 To reduce the rate of AR and prevent aneurysm rupture, innovative endovascular treatments have been developed during recent decades, such as surface-modified coils, stent-assisted coiling, and flow diverters (FDs). 19 However, there are no systematic analyses of the risk factors for AR in unruptured paraclinoid aneurysms after endovascular treatment. Therefore, we aimed to investigate the incidence and predictors of AR in unruptured paraclinoid aneurysms after endovascular treatment. 
Methods

Study design and ethics
This study used a retrospective observational design, which was approved by the ethics committee of the Beijing Tiantan Hospital. All patients provided their informed consent before undergoing treatment.
Study population
We included consecutive patients with unruptured paraclinoid aneurysms who underwent endovascular treatment between January 2013 and December 2014, and we excluded patients with fusiform aneurysms, dissection aneurysms, traumatic aneurysms, and patients without follow-up digital subtraction angiography (DSA) data ( Figure 1 ).
Endovascular treatment and imaging follow-up
All patients underwent endovascular treatment under general anesthesia. A heparin bolus of 3000 IU was routinely administered as soon as a 6F arterial sheath was placed in the common femoral artery. During the procedure, heparin was continuously used during the flushing of the guiding catheter system (3000 IU/500 ml of saline). A 6F guiding catheter (Envoy; Codman, Miami Lakes, FL, USA) was selectively placed in the parent artery. When the optimal angiographic projection was determined, catheterization of the aneurysm was performed by advancing a microcatheter (Echelon-10; ev3, Irvine, CA, USA) over a microguidewire (Traxcess-14; Microvention, Aliso Viejo, CA, USA). Coils were repeatedly pushed through the microcatheter into the aneurysm until the aneurysm was embolized as densely as possible. Two types of coils were used: Microplex coils (Microvention, Aliso Viejo, CA, USA) and Axium coils (ev3, Irvine, CA, USA). For wide-neck unruptured intracranial aneurysms in which coiling was difficult, stents were positioned across the neck of the aneurysms before coiling, and two types of stents were used: the Enterprise stent (Codman Neurovascular, Miami Lakes, FL, USA) and the Solitaire stent (ev3, Irvine, CA, USA). In select cases, FD-assisted coiling was used (Turbrige; Microport, Shanghai, China). Aneurysms were packed as densely as possible with coils, and the initial coiling was ended when the smallest coil could not be implanted or protruded into the parent artery. Immediate imaging results were systematically confirmed by two chief neurosurgeons (XJ Yang, CH Jiang) who were blinded to the patients' conditions; the opinion of a third chief neurosurgeon (YX Li) was sought if the two original evaluators could not agree.
Patients with stent-assisted coiling or FD-assisted coiling were pre-treated for three days using aspirin (100 mg/day for stents, 300 mg/day for FDs) and clopidogrel (75 mg/day). If a stent was implanted, clopidogrel (75 mg/day) was administered for six weeks and aspirin (100 mg/day) was given for six months. Once the FD was implanted, clopidogrel (75 mg/day) and aspirin (100 mg/day) were given for six months. Imaging follow-ups using DSA were scheduled at six months after endovascular treatment, and annually thereafter.
Definition of variables
AR was defined as any aneurysm remnant that had increased in size or contrast filling. 19 Results from the follow-up DSA were compared with the previous DSA results in equivalent projections, and evaluated in the same way as the immediate imaging results. AR was determined at the last follow-up imaging (DSA) or endovascular treatment, because of the increased contrast filling during the study period.
Inflow angle was defined as the angle between the axis of flow in the parent vessel at the level of the aneurysm neck and the aneurysm's main axis from the center of the neck to the tip of the dome. 21 The following variables collected were considered potential predictors or confounders: 
Results
Study population
Our database included records from 564 patients with 625 unruptured intracranial aneurysms who underwent endovascular treatment between January 1, 2013 and December 31, 2014. However, 43 patients were lost to follow-up, which included 12 patients with unruptured paraclinoid aneurysms. After the exclusion criteria were applied (Figure 1 ), 145 patients with 150 unruptured paraclinoid aneurysms were considered eligible for analysis.
Baseline characteristics
The patients' baseline characteristics are shown in Table 1 . Individuals with AR had a larger inflow angle, larger aneurysm size, and higher frequencies of wide neck, incomplete occlusion (RS2/RS3), hypertension, and aneurysm that was located in the superior sidewall of the parent artery.
Incidence of AR
Patients were followed-up using DSA for 7.4 AE 2.8 months (range: 2-21 months) after their endovascular treatment. We found AR in 13 patients, which corresponded to an AR incidence of 8.7% (95% CI: 4.7-13.3%).
Univariate analysis
In the univariate analyses, the incidence of AR in unruptured paraclinoid aneurysms was associated with aneurysm size (OR: 6.098; 95% CI: 
Multivariate analysis
In the final adjusted multivariate analysis, RS score (OR: 9.136; 95% CI: 1.683-49.587; p ¼ 0.001) and inflow angle (OR: 16.159; 95% CI: 3.211-81.308; p ¼ 0.01) were significantly predictors of AR (Table 3 ).
Discussion
We found that the incidence of AR in unruptured paraclinoid aneurysms was 8.7% during a mean follow-up of 7.4 months. This finding is similar to those of previous studies, although their results have varied from 3.9% to 26.0%. 2, 9, 10, 17, 23, 24 Variability in the reported incidences of AR may be explained by differences in several factors, such as the definition of AR, duration of follow-up, initial aneurysm status (ruptured vs. unruptured), treatment type (coils vs. stent), and the size of the study population. 19 
Predictors of AR in unruptured paraclinoid aneurysms
Our study revealed that an inflow angle of !90 degrees and incomplete occlusion (RS2/RS3) were strong predictors of AR in unruptured paraclinoid aneurysms after endovascular treatment. The inflow angle is the angle that separates the parent vessel and aneurysm dome's main axes, and has been reported to be a risk factor for aneurysm rupture in sidewall-type aneurysms. 21 However, we found that it was a strong predictor of AR in unruptured paraclinoid aneurysms after endovascular treatment, which may have several possible explanations. First, a larger inflow angle creates more kinetic energy in the aneurysm dome, as kinetic energy increases sharply at an inflow angle of !90 degrees. 21 After endovascular treatment, this energy may be expended on the coils and compact them, which is especially likely at the neck of the aneurysm. Second, a larger inflow angle generates a high aneurysm flow velocity, 21 and fast blood flow may impair the local blood coagulation process and prevent the formation of blood clots inside the aneurysm. 25, 26 Furthermore, the pressure that is caused by high-speed blood flow may also lead to coil compaction, especially in aneurysms with a wide neck. 25 Third, a larger inflow angle creates a greater wall shear stress, 21 which may be present after endovascular treatment (especially in cases of incomplete occlusion). A wall shear stress that exceeds normal physiological levels is associated with structural changes that may promote vessel wall dilatation, such as disruption of the internal elastic lamina, thinning of the media, and wall damage. 25, 27 Incomplete occlusion was the other significant predictor of AR, and other researchers have reported similar findings. 19, 22, 28, 29 Incomplete occlusion may also increase the rate of AR via several mechanisms. First, the blood inflow burden of incomplete occlusions is not beneficial for thrombosis of the aneurysm sac. 29, 30 Second, AR may be the result of impaired or failed endothelialization in the neck of aneurysms with incomplete occlusion. 30 Third, incomplete occlusion may promote aneurysm regrowth through the ''waterhammer effect.'' 29 In the present study, we also found that aneurysm size was a predictor of AR in univariate analysis, as aneurysms with a width of >10 mm were prone to AR. This finding agrees with those of previous studies. 9, 17, 19 However, this variable was not included in the final adjusted multivariate logistic regression model. Although previous studies have suggested that paraclinoid aneurysms with a diameter of >10 mm exhibit a higher rate of AR, most of those studies included only univariate analyses. Thus, further studies are needed to evaluate the predictive value of a 10-mm size cutoff for predicting AR in unruptured paraclinoid aneurysms.
Locations have also been reported as risk factors for AR, 10, 19, 22, 31 and we classified the location of unruptured paraclinoid aneurysms into four subtypes according to the sidewall from which the aneurysm originated. Locations were significant factors in our univariate analyses, although AR was not associated with location in the final model. Nevertheless, aneurysms that were located in the superior sidewall of the parent artery exhibited a much higher incidence of AR (vs. the other locations).
Wide neck has been reported as a risk factor for AR, 19 and coiling alone is potentially associated with a higher incidence of AR, compared to stent-assisted coiling. 32, 33 However, we did not observe any significant association in our study, which may have several explanations. First, most of our cases were wide-necked aneurysms and >80% of the aneurysms were treated using stent-assisted coiling. Second, aneurysms that were treated using stent-assisted coiling were difficult to embolize, and had a higher rate of incomplete occlusion. In this context, FDs have recently been introduced for treating large wide-necked unruptured paraclinoid aneurysms, 34 and a recent study has revealed that coiling was an independent risk factor for AR among patients who underwent FD placement or coiling for the treatment of >10 mm intracranial aneurysms. 35 In the present study, five patients underwent FD implantation but were included in the stent-assisted coiling group because of the small number of cases that involved FD-assisted coiling. Although the five patients exhibited good imaging outcomes without AR during the short follow-up, they require long-term imaging follow-up to validate this procedure's safety and efficacy. Future studies should also consider evaluating this subgroup using a large sample size and classification analysis.
Strengths and limitations
Our study is the first to report that inflow angle was associated with AR, and that an inflow angle of !90 degrees may be a strong predictor of AR in unruptured paraclinoid aneurysms after endovascular treatment. However, our study also has several limitations. First, our study is limited by its single-center retrospective design, and we cannot exclude the possibility that selection bias and measurement bias affected our findings. Second, the use of FDs is a common treatment for unruptured paraclinoid aneurysms, although only a small number of patients underwent this treatment at our center during the study period. Thus, we hope to evaluate a larger number of unruptured paraclinoid aneurysms that were treated using FDs in our future studies. Third, the packing density and type of coils might be associated with AR, 19 although we were unable to examine the effect of these factors, as the relevant data were not included in the patients' records. Fourth, the flow angle may change after endovascular treatment, especially in aneurysms that were treated using stent or FD-assisted coiling. Finally, our sample size was relatively small, the duration of DSA follow-up was relatively short, and the follow-up protocol was not identical for all patients. Therefore, larger prospective studies with a long-term uniform follow-up are needed to validate our findings.
Conclusions
Unruptured paraclinoid aneurysms exhibited a high incidence of AR after endovascular treatment, and an inflow angle of !90 degrees and incomplete occlusion were significant independent predictors of AR. Therefore, regular follow-up is important for cases with unruptured paraclinoid aneurysms that exhibit these characteristics.
